The necessary tools for determining a fast and, during an experimental run, possible location of a new energy level are presented, using the findings and characterization of a new level of the La atom as an example. Due to the corresponding computer programs, the observations gained during the experiment can be immediately used.
Introduction
Despite the usual meaning that the fine structure energy levels of nearly all atoms (and their ions with a low number of removed electrons) have been known for several decades, a closer look shows that this is not true. The commonly used tables (e.g., [1] [2] [3] ) are by far not complete and sometimes even contain levels which are not existing. Thus, in some cases spectral lines, which are used for an analysis of the spectra of stars etc. are not correctly classified. Additionally, for semi-emperical or ab initio theoretical investigations of the electronic structure of atoms, complete and correct lists of energy levels are needed. In addition to the energy values, parity, angular momenta, hyperfine (hf) structure constants, and Lande-factors should also be determined reliably.
For finding energy levels-as done in the past-the emission spectrum of an element has to be investigated. Knowledge of the spectra in a wide range, from UV to infrared, makes the analysis easier, depending on the investigated atomic system. High-resolution spectrographs and photographic recording (on photo plates) enabled to classify most spectral lines of the chemical elements. The most famous collections of energy levels are the tables of C. Moore [1] and the NIST atomic database [2] , and for the lanthanides [3] . Thus classical emission spectroscopy is the most important source of energy levels of atoms and their first ions.
The resolution of the spectra could be enhanced using computer-aided Fourier-transform (FT) spectroscopy, resolving even the hf structure splitting of the spectral lines, if this splitting is larger than the apparatus profile. The advantages of FT spectroscopy are: -wide wavelength range; -very good resolution; and -very large dynamical range.
Thus, a classification of spectral lines due to wave number and hf pattern is possible.
With the invention of continuously-tunable lasers, laser spectroscopy put atomic spectroscopy a forward significant step. The advantages of tunable, frequency-stabilized laser light are: -Doppler-limited resolution or even higher (Doppler-free or Doppler-reduced methods); and -much more sensitivity due to the high spectral energy density.
However, the recording of the overview spectra is very time consuming and needs methods which are not sensitive to the excited energy levels. LIF signals which can be observed due to laser excitation. It is assumed that the excitation wavelengths 1 and 2 are closely neighbored, thus, a blend situation is observed with not state-selective detection (e.g., OG spectroscopy). When detecting positive LIF lines (shown in red), the upper level can be identified and-due to the different LIF wavelengths 1 and 2, the blend lines can be separated. The lower level of excitation 1 can be identified also by detecting LIF-line 3. Since the population of state 1 is lowered by laser excitation, the LIF signal 3 has opposite phase ("negative" LIF) compared to LIF-signals 1 and 2. If the upper level of transition 1 is close to the ionization limit, its ionization probability may be large, leading to a good OG signal but a decrease of the intensity of LIF-line 1, in some cases not distinguishable from noise. This situation is usually true for even La-levels with energies larger than 41,000 cm −1 (limit 44,981 cm −1 [3] ). The observed linewidth is influenced by collisional broadening and can vary with the level energy (see [4] ).
Finding of New Energy Levels by Laser Spectroscopy
New energy levels (in each emission spectrum one can find non-classified lines) can be found from emission spectra using the combination principle of Ritz or by laser spectroscopy, exciting unclassified lines. Here one has to solve the problem of finding suitable excitation wavelengths and use methods which allow to identify the levels involved in the excited transition.
Finding of Excitation Wavelengths
If unclassified spectral lines are given either in the wavelength tables of an element, or such lines are contained in emission spectra, such lines can be used to set the laser wavelength. A problem may be insufficient accuracy of photographically-determined wavelengths. FT spectra have very high wavelength precision, but weak lines usually are hidden in the noise of the spectra. Thus, in some cases, one has to search for unknown and unclassified lines by a laser-spectroscopic scan over a wide spectral range, using a non-state-selective detection method, like laser light absorption or OG spectroscopy. For La in my group such OG spectrum was recorded between the (for laser spectroscopy quite huge) range from 6200-5500 Å. A part of the OG spectrum, covering a range of 4 Å, is shown in Figure 2 . In this range in the MIT tables [7] two Ar lines are listed at wavelengths 5683.73 and 5681.900 Å, and one structure belonging to La: 5681.1 Å with the remarks bh (band head of a molecule) and wh (wide and hazard, which means that the classification is not sure). Using OG spectroscopy, altogether 14 lines showed up, listed in Table 1 . One can clearly see that, for La, the OG spectrum provides many more lines than known before. However, such an improvement is not achievable for all chemical elements and the method described here is not applicable for all of them. LIF signals which can be observed due to laser excitation. It is assumed that the excitation wavelengths 1 and 2 are closely neighbored, thus, a blend situation is observed with not state-selective detection (e.g., OG spectroscopy). When detecting positive LIF lines (shown in red), the upper level can be identified and-due to the different LIF wavelengths 1 and 2, the blend lines can be separated. The lower level of excitation 1 can be identified also by detecting LIF-line 3. Since the population of state 1 is lowered by laser excitation, the LIF signal 3 has opposite phase ("negative" LIF) compared to LIF-signals 1 and 2. If the upper level of transition 1 is close to the ionization limit, its ionization probability may be large, leading to a good OG signal but a decrease of the intensity of LIF-line 1, in some cases not distinguishable from noise. This situation is usually true for even La-levels with energies larger than 41,000 cm −1 (limit 44,981 cm −1 [3] ). The observed linewidth is influenced by collisional broadening and can vary with the level energy (see [4] ).
Finding of New Energy Levels by Laser Spectroscopy
Finding of Excitation Wavelengths
If unclassified spectral lines are given either in the wavelength tables of an element, or such lines are contained in emission spectra, such lines can be used to set the laser wavelength. A problem may be insufficient accuracy of photographically-determined wavelengths. FT spectra have very high wavelength precision, but weak lines usually are hidden in the noise of the spectra. Thus, in some cases, one has to search for unknown and unclassified lines by a laser-spectroscopic scan over a wide spectral range, using a non-state-selective detection method, like laser light absorption or OG spectroscopy. For La in my group such OG spectrum was recorded between the (for laser spectroscopy quite huge) range from 6200-5500 Å. A part of the OG spectrum, covering a range of 4 Å, is shown in Figure 2 . In this range in the MIT tables [7] two Ar lines are listed at wavelengths 5683.73 and 5681.900 Å, and one structure belonging to La: 5681.1 Å with the remarks bh (band head of a molecule) and wh (wide and hazard, which means that the classification is not sure). Using OG spectroscopy, altogether 14 lines showed up, listed in Table 1 . One can clearly see that, for La, the OG spectrum provides many more While in commonly used wavelengths tables [7] only three lines are mentioned in the wavelength range of Figure 2 , the OG spectrum shows-besides two Ar I-lines-altogether 12 previously unknown La I-lines as listed in Table 1 . Two lines led to new levels as described here; three weak lines are still unclassified. Table 1 . Lines shown in Figure 2 . nLIF: observation of a "negative" fluorescence line at the given wavelength (± 2 Å). Wavelengths in column 2 are either determined from the FT spectrum or measured by the wavemeter. References for the energy levels are also given. The results of the systematic OG scan can now be used to set the excitation wavelength to the maximum of the OG signal of a line, which cannot be classified as transition between already known energy levels. As example, the results when setting the excitation wavelength to 5683.40 Å, are described. While in commonly used wavelengths tables [7] only three lines are mentioned in the wavelength range of Figure 2 , the OG spectrum shows-besides two Ar I-lines-altogether 12 previously unknown La I-lines as listed in Table 1 . Two lines led to new levels as described here; three weak lines are still unclassified. Table 1 . Lines shown in Figure 2 . nLIF: observation of a "negative" fluorescence line at the given wavelength (±2 Å). Wavelengths in column 2 are either determined from the FT spectrum or measured by the wavemeter. References for the energy levels are also given. The results of the systematic OG scan can now be used to set the excitation wavelength to the maximum of the OG signal of a line, which cannot be classified as transition between already known energy levels. As example, the results when setting the excitation wavelength to 5683.40 Å, are described.
Observation of LIF Signals, Location of a New Energy Level
After setting the laser light wavelength, a search for LIF lines was performed, tuning the monochromator, which analyzes the light emitted by the discharge. A strong signal was found at 4792 ± 2 Å, having opposite phase compared to the excitation ("negative" LIF). When having a look at the FT spectrum in the neighborhood of 4792 Å, only one strong line at 4791.387 Å can be found (see Figure 3 ). This line is classified as transition between the odd-parity level at 23,874.946 cm −1 , J = 5/2 and the even-parity level at 3009.993 cm −1 , J = 5/2. Due to experience, such strong transitions between odd medium energy levels and low-lying even parity metastable levels show "negative" LIF signals. Thus, 23,874.946 cm −1 is assumed to be the lower level of the laser excitation.
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After setting the laser light wavelength, a search for LIF lines was performed, tuning the monochromator, which analyzes the light emitted by the discharge. A strong signal was found at 4792 ± 2 Å, having opposite phase compared to the excitation ("negative" LIF). When having a look at the FT spectrum in the neighborhood of 4792 Å, only one strong line at 4791.387 Å can be found (see Figure 3) . This line is classified as transition between the odd-parity level at 23,874.946 cm -1 , J = 5/2 and the even-parity level at 3009.993 cm -1 , J = 5/2. Due to experience, such strong transitions between odd medium energy levels and low-lying even parity metastable levels show "negative" LIF signals. Thus, 23,874.946 cm −1 is assumed to be the lower level of the laser excitation. A further need for finding a new level from this observation is (i) the correct classification of the line at 4791.387 Å and (ii) a check that it is really the line at which the LIF signal is observed. For a check, a transition list from the level at 23,874.946 cm −1 to lower levels is generated. In this list further possible "negative" LIF lines are contained. Indeed, LIF signals at 4714, 4381, and 4188 Å were observed, as well, confirming that 23,874.946 cm −1 is the really lower level of the excited transition.
Addition of the wave number of the excitation wavelength, 17,590.73 cm −1 , gives the location of a new energy level at 41,465.17 cm −1 , having even parity and a possible angular momentum J = 3/2, 5/2, or 7/2 (since 23,874.946 cm −1 has J = 5/2, and ΔJ = ± 1, 0 should hold).
Determination of Correct J-Value
The correct J-value can either be proved by excitation of other lower levels having suited J-values or by the shape of the observed hf pattern. Since the hf constants of the level at 23,874,946 cm −1 are known from literature ( [12] , A = 241.7(2.3) MHz) simulation of the hf structure can be performed. In the present case, simulation is only possible if J = 7/2, A = 115(5) MHz (see Figure 4) . If a simulation would not be possible with all three J-values, the assumed lower level would be the wrong one. A further need for finding a new level from this observation is (i) the correct classification of the line at 4791.387 Å and (ii) a check that it is really the line at which the LIF signal is observed. For a check, a transition list from the level at 23,874.946 cm −1 to lower levels is generated. In this list further possible "negative" LIF lines are contained. Indeed, LIF signals at 4714, 4381, and 4188 Å were observed, as well, confirming that 23,874.946 cm −1 is the really lower level of the excited transition.
Addition of the wave number of the excitation wavelength, 17,590.73 cm −1 , gives the location of a new energy level at 41,465.17 cm −1 , having even parity and a possible angular momentum J = 3/2, 5/2, or 7/2 (since 23,874.946 cm −1 has J = 5/2, and ∆J = ± 1, 0 should hold).
The correct J-value can either be proved by excitation of other lower levels having suited J-values or by the shape of the observed hf pattern. Since the hf constants of the level at 23,874,946 cm −1 are known from literature ( [12] , A = 241.7(2.3) MHz) simulation of the hf structure can be performed. In the present case, simulation is only possible if J = 7/2, A = 115(5) MHz (see Figure 4) . If a simulation would not be possible with all three J-values, the assumed lower level would be the wrong one.
The The hf constant of the lower level at 23,874.946 cm −1 (J = 5/2) was known from [12] to be 241.7(2.3) MHz. Only with J = 7/2 a simulation is possible. For this a FWHM of 900 MHz and Lorentzan line shape was assumed. The simulation gave A = 115(5) MHz.
Confirmation of the Existence of the New Level
First, the new even-parity level is added to the list of known La levels, including J = 7/2 and A = 115 MHz. Thus, the investigated line, wavelength 5683.40 Å, is now classified as the transition between a new level at 41,465.17 cm −1 , J = 7/2, and the odd-parity level at 23,874.946 cm −1 , J = 5/2.
Next, a list of transition wavelengths from the new level to other levels of odd parity (obtaining ∆J = ± 1, 0) is calculated. Additional to the wavelength the hf pattern is predicted, but nothing can be said about transition probability. Thus, such calculated lines may not exist.
This list is compared with the entries of a database which contains all already observed La lines (from FT spectroscopy, laser spectroscopy, and wavelength tables). One can now look up if lines, unclassified up to now, are explained by the new level (if a highly-resolved FT spectrum or a laser spectroscopic gained spectrum is available, not only the wavelength but also the hf pattern must match).
If calculated wavelengths are in the range of available laser light sources one can try to laser-excite such lines. Since the calculated transition list also contains the combining levels, possible decays of these levels can serve as "negative" LIF lines, so one knows to which wavelength the monochromator must be tuned in order to get a confirming signal. In the present case, 12 excitations between 5500 and 6800 Å did finally lead to OG and/or LIF signals but, in principle, one additional excitation is enough to prove the existence. Among the 12 transitions the lower J-values vary between 9/2 and 5/2, confirming J = 7/2. The recorded hf patterns allowed a more precise determination of the hf constant A. From blend situations some transition wavelengths could be determined with higher precision as given by the lambdameter used in the experiments (accuracy ± 0.01 Å, limiting the energy value to ±0.05 cm −1 ), thus the energy of the new level could also be determined more precisely.
Finally, for the new even-parity level the values 41,465.181(10) cm −1 , J = 7/2, A = 116(1) MHz are derived. Figure 5 shows the pattern on which the hf constant was finally determined, using a fit program called "Fitter" [13] . The wavelength of the line (no. 3 in Table 1 ) at which the level was discovered, is calculated to from the energy values to be 5683.395 Å, in very good agreement with the first assumed cg wavelength 5683.40 Å (resolution of the lambdameter 0.01 Å, position of the cg estimated).
In similar way excitation of the line no. 6, blended by the strong line no. 5 (numbers from Table 1 ) and having nearly the same cg wavelength, led to a new even-parity level at 41,681.502(10) cm −1 , J = 5/2, A = 354(2) MHz. For both new levels the electric quadrupole constant B was assumed to be zero, since the quadrupole moment of the La nucleus is very small and the energy shift of the hf levels due to the influence of B are neglectible. estimated).
In similar way excitation of the line no. 6, blended by the strong line no. 5 (numbers from Table  1 ) and having nearly the same cg wavelength, led to a new even-parity level at 41,681.502(10) cm −1 , J = 5/2, A = 354(2) MHz. For both new levels the electric quadrupole constant B was assumed to be zero, since the quadrupole moment of the La nucleus is very small and the energy shift of the hf levels due to the influence of B are neglectible. 
Conclusions
The example given above tells us which tools are necessary for the classification of a line and for the characterization of a new energy level: All these tools are now available using the program "Elements", described in [14, 15] . In contrast to previous work a long time ago [16] , now all the needed tools are available during the performance of the experiment, and usually immediately after finding a LIF line and recording of the hf pattern the new level can be found. Then, immediately, the existence of the level can be confirmed. Of course, there are also cases for which the procedure described is not so successful, e.g., if in the wavelength range of the available laser light no confirming excitation is successful. The program "Elements" is 
The example given above tells us which tools are necessary for the classification of a line and for the characterization of a new energy level: -list of all observed wavelengths in an extended spectral range; -exactly known excitation wavelengths (within the Doppler width), needed uncertainty ca. 0.01 Å; -from experiment: recording of hf pattern; -from experiment: finding of LIF lines and their relative phase; -reliable classification of LIF lines; -calculation of the energy of the new level; -simulation of the hf pattern to find J and A of the unknown level involved in the observed line; -calculation of a transition list from the new level to other known levels; -prediction of excitation wavelength, hf pattern, and LIF lines; and -from experiment: confirmation by laser excitation of calculated transition wavelengths.
All these tools are now available using the program "Elements", described in [14, 15] . In contrast to previous work a long time ago [16] , now all the needed tools are available during the performance of the experiment, and usually immediately after finding a LIF line and recording of the hf pattern the new level can be found. Then, immediately, the existence of the level can be confirmed. Of course, there are also cases for which the procedure described is not so successful, e.g., if in the wavelength range of the available laser light no confirming excitation is successful. The program "Elements" is available for free from L.W. (windholz@tugraz.at).
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